This research article explores the results of the ion-solvent interaction with the aid of electrical conductivity law of benzoic acid in triple distilled water and different amounts of methanol at 293 K, 303 K, 313 K, and 323 K. The specific conductance obtained from the conductivity meter was examined using Shedlovsky and Kraus-Bray plots. The limiting molar conductance( ) values obtained using the Shedlovsky and Kraus-Bray models. The values obtained from the Shedlovsky and Kraus-Bray models were found to be in good agreement with each other. The association constant (Ka) values obtained from the Shedlovsky plots, whereas dissociation constant (Kd) values obtained from the Kraus-Bray plots. The thermodynamic parameters such as activation energy (Ea), free energy of adsorption (∆Ga), adsorption enthalpy (∆Ha) and adsorption entropy (∆Sa) values are evaluated in order to study the nature of ion-solvent interaction. The negative ∆Ga values showed the spontaneous ion-pair association process
Graphical Abstract Introduction
Room-temperature The examination of electrical conductivity of electrolyte in solvent systems is of significant importance, because it can provide vital information about the behavior of the solvent structural effects, ions in the solution, and the ion-solvent interaction. The study of electrolytes in solvent systems is found to be useful for different chemical and electrochemical investigations.
Thermodynamic properties are very much essential to study the geometrical effects and intermolecular interactions in the systems. The study of the electrical conductive property of the electrolyte in aqueous solution provides insights into the electrolyte solution properties [1] [2] [3] . Thermodynamic properties are needed in many theoretical and applied areas of research and employed in many industrial sections. Exploring the information about the transport property (conductance) of electrolytes in aqueous environment gives hints about the ion-solvent and ion-ion interaction in the studied environments. The Shedlovsky and Kraus-Bray theories are used to examine the many electrolytes in the aqueous solutions [4] [5] [6] [7] . The physical properties of binary mixed solvents can be altered to make them further favor to the solvent system for the investigation of ion association in the systems. The conductance studies in mixed solvents explore the information about the specific, preferential and nonspecific solvation effects on the ionassociation phenomenon.
The measurement of conductance is of a great importance in examination of ion-pair formation in the studied systems under the existing condition. Study of conductometry behavior of different compounds in various solvents has a wide range of applications in analytical chemistry. Conductometry is a vital classical approache which provides precious information regarding the ion-solvent and ionion interactions in the solution.
Examination of the solvation process in the binary environment where one of the solvent as water throws light on the process of ion solvation [8] [9] [10] 
Experimental
The purified benzoic acid, triple distilled water, and non-aqueous methanol were used in this research study. Chemical structure of the benzoic acid is shown in Figure 1a The 0 of the studied system was evaluated by employing the following equations;
Where, 
Results and Discussion
The effects of the different percentage of methanol in the benzoic acid-water system were extensively screened with the aid of conductivity meter. The conductance of the solution mainly depends on the number of ions and mobility of ions. The 0 values enhances with a rise in the solution temperature from 293 K to 323 K which is due to the enhance in the mobility of the ions and thermal energy ions. This nature is due to the enhanced thermal energy and cleavage of weak bonds. The limiting molar conductance reduced with an increase in the methanol percentage (0%, 20%, 40%, 60%, and 80%) in the benzoic acid-water system. The decrease in the conductance is due to the enhanced solvent-solvent interaction and ionsolvent interaction in the studied system. As soon as methanol is added to the water, there is exists solvent-solvent interaction instead of ionsolvent interaction. Table 2 . It is observed that, the Ka values decrease with a rise in the solution temperature from 293 K to 323 K which shows the exothermic association process. Further, with increase in the amount of methanol percentage in benzoic acid-water system, the association constant value increases. The enhancement in the association constant may be related to a reduction in the relative permittivity by enhancing the proportion of methanol and reducing the ion mobility which leads to the association of ions. The thermodynamic parameters of the studied systems are presented in the Table 3 . The variation in the activation energy values shows that, the activation energy values slightly decrease with rising in methanol percentage in benzoic acid -water system. The decrease in the activation energy values at the initial stage is due to enhancement in the dissociation process, which leads to the release of several ions and then undergoes solvation. Further, in all the cases, the obtained ∆G values are negative. The negative sign in the association free energy values shows that, the process of association is spontaneous and indicates the strong ion-pair association process. The process of association is exothermic in nature which is due to positive ΔH°a values. The values of association entropy are in negative for all the studied systems and obtained values are very low, which is due to the presence of steric hindrance. This controls the motion of ions in the studied systems and enhanced disorders.
Conclusions
In this research study, the conductivity measurement of the benzoic acid in the binary mixed solvents (water + different percentage of methanol) at 293 K, 303 K, 313 K and 323 K was reported. The conductivity data were evaluated using the Kraus-Bray and Shedlovsky equations. The limiting molar conductance values obtained from the Kraus-Bray and Shedlovsky models were in good agreement with each other. The limiting molar conductance values enhanced with increasing the solution temperature and decreased with a rise in the methanol percentage in the benzoic acid-water system. The Gibbs free energy of association was negative which indicates the spontaneous association process. The negative enthalpy association values showed the exothermic association process.
